Giardia lamblia trophozoites were killed in vitro by 1% fresh human milk in the presence of bile. A similar effect was achieved in the absence of bile with milk which had been stored for at least 24 h at 6C. This killing activity was found to be caused by unsaturated fatty acids. Depending on their chain length and the number of double bonds, the concentrations of unsaturated fatty acids required for a 50% killing effect varied between 15 and 36 ,M. The saturated palmitic and stearic acids, as well as various substances related to fatty acids, showed only a slight killing effect. Bile enhanced and serum suppressed the action of fatty acids on the protozoan parasite. The possible site of interference of unsaturated fatty acids within G. lambiw and the reasons for the obvious inefficacy of dietary fatty acids in giardiasis are discussed.
Institut fur Zuchthygiene, University of Zurich. The fresh human milk was obtained from the Neonatology Unit, University Hospital Zurich, and originated from 14 different women between 23 and 35 years of age and from 1 to 40 days postpartum. The samples were used either immediately or after storage at 25, 6, -25, and -70°C.
Chemicals. Palmitic acid (hexadecanoic acid; C16:0), stearic acid (octadecanoic acid; C18:0), oleic acid (cis-9-octadecenoic acid; C18:1), linoleic acid (cis-9-cis-12-* Corresponding author. octadecadienoic acid; C18;2), linolenic acid (cis-9-cis-12-cis- 15 -octa-decatrienoic acid; C18:3), elaidic acid (trans-9-octadecenoic acid), oleyl alcohol (cis-9-octadecen-1-ol), methyl oleat (methyl-cis-9-octadecenoate), ethyllinoleate (ethyl-cis-9-cis-12-cis-15-octadecatrienoate), and (+)-axtocopherol were purchased from Fluka, Buchs, Switzerland, and were of the highest available purity. Bile 98 (5) aNumber of experiments is given in parentheses; standard deviation was always less than 20%.
RESULTS
A very slight G. lamblia-cidal effect was observed when the trophozoites were incubated in the presence of 5% fresh human milk, whereas 1% was essentially ineffective (Table   1 , experiment A). In the presence of bile, however, supplementation of the test samples with 1% fresh human milk resulted in complete killing of the Giardia population (experiment A). This effect was abolished by the addition of serum. No lethal effect was found when the organisms were incubated in the presence of bile and milk which previously had been inactivated for 3 min at 80°C (Table 1, Analogous results were obtained with fresh and inactivated bovine milk. The effect of a variety of long-chain fatty acids on the vitality of G. lamblia is summarized in Fig. 1 (-) and presence (----) of serum, and in the absence (l) and presence (G) of bile.
high concentrations, and a similar finding was obtained with palmitic acid. The effect of unsaturated fatty acids on G. lamb/ia was enhanced by bile ( Fig. 1) , while serum suppressed the action of the acids on the organisms (Fig. 2) . Only a small G. lamblia-cidal effect was found by incubation with various compounds related to fatty acids (Fig. 3) . Interestingly, the replacement of the cis configurational isomer oleic acid by the trans form (elaidic acid) resulted in a reduced killing effect (Fig. 3) . Further studies demonstrated that the killing activity was not markedly changed at reduced oxygen pressures or when tocopherol, a radical scavenger, was added to the test medium (data not shown).
DISCUSSION
Results of this study support the conclusion that the G. lamblia-cidal effect produced by human milk is due to the action of long-chain unsaturated fatty acids. In human milk these acids are formed by activation of BSSL or during milk storage. In contrast, no killing effect was found with bovine milk, in which free fatty acid formation is absent (3, 4, 21) .
Killing activity of fresh human milk in the absence of bile salts, as first reported by Gillin et al. (12, 13) , was not observed in this study. A possible explanation for this discrepancy could be that Gillin et al. did not use entirely fresh milk, so that lipolysis may have occurred (Table 2) (1-3, 5, 6, 14, 20) . In addition, Gillin et al. (12, 13) have found a similar G. lamblia-cidal effect by incubating G. lamblia in the presence of BSSL purified from human milk or, alternatively, by treating the organisms with a pancreatic lipase preparation which was found to contain a BSSL-related activity. Recently Gillin et al. (11) have amended their previously obtained results and have reported that the observed killing activity of human milk against G. lamblia is, in fact, dependent on the presence of sodium cholate (bile salt), which is in agreement with our results. Furthermore, we observed a lethal effect on the protozoan parasites by treatment with pure, long-chain, unsaturated fatty acids. The magnitude of the effect was dependent on the nature of the fatty acid tested. Free fatty acids were found in the lipid fraction of human milk (19) but not in bovine milk; indeed, the latter showed killing activity only on the addition of free fatty acids.
These results demonstrate that the G. lamblia-cidal activity was not dependent on BSSL or antibody.
The effect of unsaturated fatty acids was enhanced by bile, possibly through its detergentlike action. Interestingly, the deleterious effect paralleled the degree of unsaturation. The protective effect of serum is most easily rationalized by its content of free fatty acid-binding proteins such as albumin. Indeed, incubation of G. lamblia with [3H]oleic acid resulted in the binding of more than 60% of the radioactivity to the organisms separated from the medium by centrifugation. If serum (10%) was present, less than 10% bound to the pellet fraction (unpublished data). The killing activity of unsaturated fatty acids was so dependent on the geometric arrangement of the double bond that the trans-configurational isomer was virtually inactive. This is in keeping with the suggestion that fatty acids interact with the trophozoite membrane in a stereochemically specific way. The lower G. lamblia-cidal activity observed with compounds related to unsaturated fatty acids indicated that the free carboxylic group was important for this effect.
Despite the sensitivity of G. lamblia toward long-chain fatty acids in vitro, the organisms readily survive in an in vivo environment containing an abundant supply of these substances. This obvious discrepancy is explained by the (22) . As a consequence, fatty acids may loose their destructive ability. To our knowledge this is the first report on the killing activity of fatty acids against a protozoan parasite. Although the biological activity of these compounds has been previously demonstrated for viruses, bacteria, and yeasts, its molecular basis is as yet unknown (15) (16) (17) 23) . It has been suggested, however, that long-chain fatty acids and their derivatives can affect unicellular organisms by interacting with their lipid membranes, possibly resulting in perturbations of the lipid phase, thereby causing changes in membrane permeability. Because of their direct exposure to the host, the cell surface structures of parasitic organisms appear to be very particular sites for chemotherapeutic attack. Thus, the observed specific effect of physiologically occurring long-chain unsaturated fatty acids against G. lamblia may open up a new approach for drug development against the causative agent of the widespread disease caused by this protozoan parasite.
